TABLES
Juvenile chum migrated from the study area in the 40-55 mm fork length range. Migration of chum occurred during the months of March, April and May. Sampling results suggest fall chinook migration from rearing areas took place from mid June through early July 2002 when juvenile fall chinook were in the 65 to 80 mm fork length size range.
Adult and juvenile sampling below Bonneville Dam provided information to assist in determining the stock of fall chinook and chum spawning and rearing below Bonneville Dam. Based on observed spawning times, adult age and sex composition, GSI analysis, juvenile emergence timing, juvenile migration timing and juvenile size at the time of migration, it appears that in 2001 and 2002 the majority of fall chinook using the area below Bonneville Dam were of a latespawning bright stock of fall chinook. Observed spawning times, adult age and sex composition, GSI analysis, juvenile emergence timing, juvenile migration timing and juvenile size at the time of migration suggests chum spawning and rearing below Bonneville dam are similar to stocks of chum found in Hamilton and Hardy creek and are part of the Lower Columbia River Chum ESU. (Figure 1 ) and estimate the size of these populations.
INTRODUCTION
2) Profile stocks for important population characteristics including: spawning time, genetic make-up, emergence timing, migration size and timing, and juvenile to adult survival rates.
Specific tasks conducted by ODFW and WDFW during this period were:
1) Documentation of fall chinook and chum spawning below Bonneville, The Dalles, John Day and McNary dams using on-water observations.
2) Collection of biological data to profile stocks in areas described in Task 1.
3) Determination of spawning population estimates and age composition, average size at return, and sex ratios in order to profile stocks in areas described in Task 1.
4) Collection of data to determine stock origin of adult salmon found in areas described in Task 1.
5) Determination of possible stock origins of adult salmon found in areas described in Task 1 using tag rates based on coded-wire tag recoveries and genetic baseline analysis.
6) Determination of emergence timing and hatching rate of juvenile fall chinook and chum below Bonneville Dam.
7) Determination of migration time and size for juvenile fall chinook and chum rearing in the area described in Task 6.
8) Investigation of feasibility of determining stock composition of juvenile fall chinook and chum rearing in the area described in Task 6. 9) Documentation of entrapment in low-lying areas of juvenile fall chinook and chum rearing in the area described in Task 6 (separate report).
10) Investigation of feasibility of coded-wire tagging juvenile fall chinook captured in the area described in Task 6 to determine juvenile to adult survival rate.
METHODS AND MATERIALS

Adult Study
Spawning ground surveys of fall chinook and chum salmon below Counts of spawning redds and numbers of live and dead fish were made from the bow of a jet boat and by wading in shallow water. In addition, locations of newly formed spawning redds were recorded using global positioning system (GPS) receivers.
Fish carcasses were examined and biological data was collected to profile stock for age composition, average size at return, and sex ratios. Scales from sampled fish were removed and analyzed to determine total age. To assist in determining stock origin of salmon found in the study areas, carcasses were inspected for fin clips. The snouts of fish with adipose fin clips were removed and kept for future coded-wire tag recovery and analysis.
To assist in determining whether fish had successfully spawned, female carcasses were examined for the presence of eggs. Except for the Bonneville fall chinook group, tissue samples were collected from all populations for genetic stock identification (GSI). GSI work was not performed on the Bonneville fall chinook population since genetic baseline data for this group was completed in 1998.
A capture-recapture carcass tagging study known as the Worlund technique was used to assist in providing spawner population estimates for fall chinook.
The mathematical model used to analyze the data was developed by G. Paulik (prepared by D. Worlund) of the University of Washington and is a use of the multiple release and recapture methods of G. Seber and G. Jolly (Biometrika Vol. 49, 1962) . Each week newly discovered fall chinook carcasses were marked with a different colored plastic tag and returned to their original location. The number of new tags issued and the number of tags recovered from previous week's tagging were recorded. Carcasses found with a tag were mutilated to identify them as recoveries. A population estimate was generated after tag data was analyzed by the above method. The method used to estimate the 2001 spawner population for chum incorporated spawner curves created from survey data in conjunction with various factors which translate the area under the curve into estimates of spawner abundance. This method has successfully been used by WDFW to estimate Puget Sound chum escapement.
Juvenile Study
The juvenile portion of the study concentrated on areas where spawning occurred below Bonneville Dam in 2001. To determine emergence timing, estimated hatching and emergence dates were calculated in temperature units (TU) which are measured in Celsius degree-days. The dates were calculated in TU from the initiation of spawning to hatching of eggs (500 o C. TU for chinook and 600 o C. TU for chum) and beginning and ending of emergence (1,000 o C. TU for chinook and 800 o C. TU for chum). Water temperatures used in TU calculations were taken from Bonneville Dam readings and from temperature gauges maintained by Battelle Pacific Northwest National Laboratories and located in the Ives Island area. Two types of gear were used to capture juvenile fish in the study area. Shorelines were fished with four-foot deep stick seines with one-eighth inch mesh in lengths of 18 and 28 feet. The sampling crew also employed a 100-foot long, five-foot deep beach seine with one-sixteenth inch mesh. After the seines were set, they were immediately retrieved.
In-water fishing time was approximately five minutes. Seines worked best in sections of the river that were free of snags and large obstructions and with moderate flow velocities. Captured fish were dip-netted into a five-gallon bucket containing the anesthetic MS-222.
Once anesthetized, fish were identified by species, measured for fork length and examined for fin clips. Developmental stage of fry was also noted (e.g., yolk sac or button-up fry). Processing time was five to ten minutes per set. After data was collected, fish were returned to the site of capture. The number of sets fished, water temperatures and beginning and ending times for each sampling period were recorded. In addition, Bonneville Dam flows were noted and recorded for those periods when sampling occurred.
When unmarked juvenile chinook were caught in the study area, the criterion used for differentiating chinook juveniles that were products of the study area from upriver natural production and hatchery releases was based on the fork length of the sampled fish. Chinook less than 50 mm fork length were assumed to be products of the study area. This assumption is based on the fact that chinook fry emerge at a size range of 35-40 mm fork length. In addition, hatcheries above Bonneville Dam release chinook at sizes greater than 60 mm fork length and wild upriver chinook juveniles do not begin migrating until they are larger than 60 mm fork length. As the earliest hatching, study area chinook grew in size during the mouth of June the length criterion used to differentiate them from untagged upriver hatchery was increased. In the month of June, when some of the smaller sized upriver smolts of approximately the same size as study area fish were assumed to be migrating into the study area, the upper limit of the length criterion was increased to 65 mm fork length. The project is unable to determine whether chum captured in the study area, are products of main stem spawning or of nearby Hamilton and Hardy creeks, since all chum are unmarked and there are no size differences between the populations.
In order to determine a juvenile to adult survival rate for wild fall chinook found below Bonneville Dam, a part of the juvenile population was adipose fin clipped and coded-wire tagged. The tagging was conducted in the months of April, May and June 2002 when native fish began attaining the size of 47 mm fork length or greater. To avoid tagging fish from outside the area, tagging was terminated once fish of comparable size to the native population began migrating into the area from points above the dam. Evidence of juvenile chinook from outside the area was established when adipose fin clipped chinook in the 70-100 mm fork length range were caught in the study area.
Fish to be tagged were caught in the study area and held in a net pen for approximately 24 hours prior to tagging. They were then transported to the tagging site, anesthetized, measured, sorted, and a standard length coded-wire tag was inserted into the fish's snout. After each fish was tagged it was passed along a tag detector unit to ensure that a tag was present in the fish. The tagged fish was then placed into a recovery tank before being placed into a recovery net pen in the river. Several times a day fish were sacrificed to verify proper tag placement. At the end of each day, tagged fish were released downstream of the study area into the main channel of the Columbia River. In addition, each day approximately one percent of all tagged fish were held for 48 hours and checked for tag retention before being released.
RESULTS AND DISCUSSION
Adult Study
Spawning of fall chinook, chum and coho salmon below Bonneville Dam was documented by counts of live fish, redds and post-spawning mortality (Table 1) Peak spawning for fall chinook salmon was determined to be approximately 16 November. Peak spawning for chum was set at 26 November 2001. Fortytwo redds and 91 adults were observed at peak spawning for fall chinook. One hundred eighty-one r edds and 239 fish were observed at the time set for peak spawning for chum. The date determined to be the end of spawning for fall chinook was 10 December 2001. The date set as the end of spawning for chum was 28 December 2001. Table 2 In 2001, coho salmon were also observed spawning in areas used by chinook and chum. A total of 133 carcasses were sampled. Peak spawning appears to have occurred during the first two weeks of November. The coho observed in the area are of the early-spawning stock. This stock is produced at Bonneville Hatchery and is found spawning in Hardy and Hamilton creeks.
Ives Island fall chinook spawning times correspond to other late-spawning stocks of fall chinook found in the Columbia River. Timing of chum spawning below Bonneville Dam was found similar to that of chum spawning in nearby Hardy and Hamilton creeks. Locations of salmon redds below Bonneville Dam were recorded using GPS waypoints. Figures 3 and 4 show approximate locations of these redds. The majority of fall chinook redds were found below the mouth of Hamilton Creek, between Ives and Pierce islands and in the main channel along the north side of Pierce Island. The majority of chum redds were observed near Hamilton Creek. Chum redds were also found in the channel break between Ives and Pierce islands, close to the main channel of the Columbia River. In addition, chum redds were observed on the Oregon side of the river across from Hamilton Island below McCord Creek and below Woodward Creek near Beacon Rock.
Vital statistics were developed from biological samples to assist in determining stock origins of returning fish found spawning in the study areas. Vital statistics of the fall chinook population found below Bonneville Dam in 2001 include age compositions, mean fork lengths, and sex ratios (Table 4) . Fall chinook sampled below the dam showed similarities in male, female, age class representation and age related mean fork lengths with other late-spawning stocks found in the Columbia River. Table 5 contains vital statistics of chum sampled below Bonneville Dam. Three and four-year-old fish were the predominant age classes in 2001 with females being the dominant sex (57.9%). This year's age composition statistics of chum sampled in the study area were similar to other chum populations found in the lower Columbia River.
To further assist in determining the stock origin of salmon found below the dams, carcasses were sampled for fin clips and other external marks. A total of 309 fall chinook and 264 chum were sampled for marks below Bonneville Dam. Three fall chinook carcasses were found to have adipose fin clips. Two of the carcasses contained coded-wire tags. Both fish were bright fall chinook. One fish was released from Bonneville Hatchery and the other from Lyons Ferry Hatchery. There were no marked chum found. 
Juvenile Study
Hatching and emergence times for 2001 brood salmon below Bonneville Dam are contained in Table 6 . Hatching and emergence times of fall chinook and chum were estimated based on required temperature units that predict chinook and chum early life history and 2001-2002 Columbia River water temperatures taken in the study area. Peizometers placed in the spawning area near the mouth of Hamilton Creek showed upwelling water to be warmer than the surrounding water. It is believed the warmer water increases the water temperature in chum redds on average of approximately three degrees Celsius. Consequently, an additional three degrees Celsius was factored into chum temperature unit calculations. This increase in estimated temperature increased the rate of estimated hatching and emergence times of chum found in the study area. Emergence of chum was estimated to have occurred from 29 January to 31 March 2002. Estimated peak emergence of chum took place 25 February 2002.
Although some fall chinook spawned in the Hamilton Creek area the majority of areas where fall chinook spawned were not subject to the above warmer upwelling phenomenon. Except in those areas shared by chum, emergence of fall chinook began approximately 11 March and continued through 18 May. Peak emergence of fall chinook occurred 26 April 2002. Sampling for post-emergent fry took place in locations identified in Figure 2 . Based on emergence estimates juvenile sampling began 22 January 2002. Sampling was terminated 30 July 2002 after it appeared the majority of fish had migrated from the study area.
A total of 5,487 juvenile chinook and 678 juvenile chum were sampled in areas below Bonneville Dam. Although juvenile fish were caught in all but one of the sampling sections around Ives and Pierce islands, some areas were more productive than other areas. Those areas that were closest to redds and or offered good rearing habitat seemed to yield the most catch. For chinook these areas included sections one, five, six and eight ( Figure 5 ). Section six produced 23% of the total juvenile fall chinook catch in the area around the islands. Sections one, five and eight yielded 11%, 12% and 16% of the total fish caught around the islands, respectively. Although sections two, three, four and seven appeared to be used less frequently for rearing, those sections still accounted for 18% of the total sampled fall chinook fry. Catch rates of gear used to capture chinook fry are contained in Table 7 .
Figure six shows areas that produced catch of juvenile chum in 2002. The majority (81%) of chum fry were caught in sections three, six, eight and ten. All areas where chum were found rearing likely contained progeny of adults that spawned in the Hamilton and Hardy creeks.
Results of juvenile chinook and chum sampling are found in Table 8 Fork length distribution of sampled juvenile fall chinook is found in Table 9 . The table shows changes in the length distribution of juveniles caught in the study area during the sampling season. Newly emerged fish (juveniles less than 40 mm in length) were present in the catch from 22 January to 18 June. Peak catch of recently emerged juvenile chinook (those fish less than 50 mm in fork length), was observed to be 14 May. Peak catch of chinook fry in all size categories less than 100 mm was 07 June 2002.
Until mid to late June, juvenile chinook captured in the study area that were less than 65 mm in fork length were assumed to be products of the study area. After the month of June it was thought that relatively smaller wild upriver juvenile chinook would begin appearing in the sample. This assumption was based on information that upriver subyearling migration had begun during the middle of June. In addition, Columbia River fish hatchery data suggested that until the middle of June, upriver chinook hatchery releases consisted mainly of juvenile chinook larger than 65 mm in length. By the beginning of July, it became difficult to differentiate between sampled fish originating from the study area and upriver migrants. Based on the low rate of marked fish found in the catch, it is safe to say the majority of migrating upriver chinook remained in the main channel of the river, bypassing the islands below the dam. A comparison of estimated peak emergence dates to peak catch dates of recently emerged fry for chinook and chum caught below Bonneville Dam for the years 1999-2002 is described in Table 10 . Peak catch of 2002 chinook occurred later than the previous year but similar to peak catch dates in 1999 and 2000. The difference in the time between estimated peak emergence and peak catch of recently emerged chinook varies from 0 to 4 weeks for 1999 to 2002. In 2002 it appears that approximately 79% of the total catch of chinook fry less than 50 mm in fork length was arrived at on the day of peak catch. This compares to 56%, 72% and 64% in 1999, 2000 and 2001, respectively. For juvenile chum in 2002 the time between peak estimated emergence and peak catch was approximately six weeks. Peak catch of 2002 chum occurred earlier than the previous year but later than peak catch dates in 1999 and 2000.
In 2002 it appears that approximately 80% of the total catch of chum fry less than 50 mm in fork length was arrived at on the day of peak catch. This compares to 72%, 66% and 85% in 1999, 2000 and 2001, respectively. All sampled juvenile chinook were examined for fin marks to assist in determining stock composition of fish using the rearing areas below Bonneville Dam. Identifying hatchery released juveniles with adipose fin clips aided in determining stock composition of fish using the area below Bonneville Dam. When hatchery fish with fin clips appeared below the dam they were typically of a larger size than the wild chinook rearing below Bonneville Dam. Since the unmarked component of the hatchery releases were the same size as the marked component, study area wild fish could be differentiated from most hatchery-released chinook. This rule of thumb was useful until mid June when migrating subyearling chinook of similar size than the earliest emergent resident bright stock chinook began appearing in the study area. Since no chum hatchery facilities exist above Bonneville Dam and nearby Hardy Creek and Hamilton Creek chum are not fin marked for assessment purposes, no marked chum were observed in the juvenile sampling. Chum from nearby creeks could not be differentiated from the population found spawning in the Columbia River since there was no size difference between the populations.
To determine a juvenile to adult survival rate for wild bright stock fall chinook found below Bonneville Dam, a part of the juvenile population were adipose fin clipped and coded-wire tagged. The tagging was conducted in the months of April, May and June 2002 when native fish began attaining the size of 47 mm fork length. To avoid tagging fish from outside the area, adipose fin clipped chinook greater than 65 mm fork length were not tagged.
Coded-wire tagging of wild juvenile fall chinook began 30 April when sampling data showed that 26 percent of fry were in the taggable range (47-60 mm fork length). The decision was made to begin tagging earlier than the previous year since the 2002 goal was to tag 25,000 fish, 15,000 fish more than the previous year's successfully met goal of 10,000 fish. Due to colder water than the previous spring, the total number of sampled fry attaining the desired minimum fork length of 47 mm did not reach the fifty percent mark until the 11 June.
The project was able to tag only 3,460 chinook due to fewer available fish relative to 2001. The lack of available fish was in part the result of high river flows, which limited seining efficiency. Tagging was terminated 28 June when it became obvious that a lack of taggable fish around the islands would not allow for the marking of a significant number of juveniles. The overall mortality rate of fish tagged and released at the end of each tagging day was 5.2%. Table 11 provides results of the tagging project including total number of chinook handled, number of tagged fish, number of fish released, mortality rate and mean length of tagged fish. Juvenile chum migrated from the study area in the 40-55 mm fork length range. Migration of chum occurred during the months of March, April and May. Sampling results suggest fall chinook migration from rearing areas took place from mid June through early July 2002 when juvenile fall chinook were in the 65 to 80 mm fork length size range.
SUMMARY AND CONCLUSIONS
Adult and juvenile sampling below Bonneville Dam provided information to assist in determining the stock of fall chinook and chum spawning and rearing below Bonneville Dam. Based on observed spawning times, adult age and sex composition, GSI analysis, juvenile emergence timing, juvenile migration timing and juvenile size at the time of migration, it appears that in 2001 and 2002 the majority of fall chinook using the area below Bonneville Dam were of a latespawning bright stock of fall chinook. Observed spawning times, adult age and sex composition, GSI analysis, juvenile emergence timing, juvenile migration timing and juvenile size at the time of migration suggests chum spawning and rearing below Bonneville dam are similar to stocks of chum found in Hamilton and Hardy creek and part of the Lower Columbia River Chum ESU.
PLANS FOR FY 2003
We are planning to continue collecting data to determine the status of fall chinook and chum spawning below Bonneville Dam. In FY 2003 we will abandon adult surveys below The Dalles, John Day and McNary dams and instead begin investigating chum spawning along Oregon and Washington's Columbia River shoreline from Bonneville Dam downstream to the I-205 Bridge. We are planning to collect biological data from the fish spawning below Bonneville Dam and along both shorelines below Bonneville Dam. Biological data will be used to profile stocks and determine stock origins.
We will continue to estimate emergence timing of juvenile fall chinook and chum below Bonneville Dam. We are planning to sample juvenile populations to determine migration time and size at time of migration for juvenile fall chinook and chum rearing below Bonneville Dam.
We will continue to monitor entrapment of juvenile chinook and chum below Bonneville Dam. We will attempt to coded-wire tag juvenile fall chinook below Bonneville Dam to determine juvenile to adult survival rate and ocean distribution.
